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Onpe^eneHa aKTHBHOCTB niimeBapiiTejitHBix (J)epMeHTOB (npoTeHHa3 h rnHK03H^a3) 
CJIH3HCTOH oSojiohkh KHmeHHHKa cmma (Ballerus ballerus L.). YcTaHOBJieHO, hto npn 3a- 
pa^ceHHH rtecTO^aMH Proteocephalus torulosus Batsch, 1786 aKTHBHOCTB npOTeima3 cjih- 
3hctoh oSojiohkh KHmeHHHKa CHHija CHH^caeTC^, nniK 03 ii/ja 3 — noBBimaeTCM, a caxapaati — 
He H3MeHfleTCfl. npH 3TOM CHH^CeHHe npOTeOJIHTHHeCKOH aKTHBHOCTH npOHCXO^HT rJiaBHBIM 
o6pa30M 3a cneT CHmKemui aojih cepHHOBBix npoTeHHa3 h MeTajuionpoTeHHa3. BtmBJieHa 
CnOCObHOCTB 3KCTpaKTa P. torulosus HHInSHpOBaTB npOTeOJIHTHHeCKyiO aKTHBHOCTB CJIH- 
3 hctoh oSojiohkh KHmeHHHKa xo3miHa h KOMMepHecKoro npenapaTa TpnncHHa in vitro . 

Kjuoneebie cjioea : ijecTOAti, Proteocephalus torulosus , B3aHMOOTHomeHHJi napa3HT— 
xo3^hh, Ballerus ballerus , nHmeBapHTejibHbie (jjepMeHTbi, npoTeojiHTHHecKafl aKTHBHOCTB, 
hhthShtopbi npoTeHHa3. 

B cHCTeMe napa3HT— xo3hhh cymecTByioT cnomiLie h MHoroo6pa3Hbie 
B3aHMOAeHCTBHfl, K HHCJiy KOTOpbIX OTHOCHTCH KOaAanTaitHfl napa3HTa H X03H- 
HHa, o6ecneHHBaioma5i BbDKHBamie napTHepoB h ycToiiHHBocTb chctcmbi. Xo- 
3hhh h napa3HT Bbipa6aTbiBaiOT pa3JiHHHbie MexaHH3Mbi, no3BOJi5nomne b nep- 
Byio onepeAB HeiiTpajiH30BaTb HeraraBHoe B03AenCTBHe co CTOpOHbi Apyr Apy- 
ra (MajiiOTHHa, 2008). IIapa3HTbi cnocoSHbi OKa3biBaTb bjikhhhc Ha pa3JiHHHbie 
npou;eccbi b opraHH3Me xcmmia, b tom HHCJie Ha ^yHKipioHHpoBaHHe mnrieBa- 
pHTeJibHOH cHCTeMbi (KypoBCKan, 1993; Amott et ak> 2000; PhBeKOBa, KyKJin- 
Ha, 2014). HaHSoJiee aKTHBHoe B3aHMOAeiiCTBHe c nmijeBapHTeJibHOH cncTe- 
MOH X03HHHa XapaKTepHO a™ H,eCTOA, o6HTaK)IH,HX B KHHieHHHKe, B CHJiy HpKO 
Bbipa^ceHHOro MOp(|>OJiorHHecKoro cxOACTBa hx TeryMeHTa co lactohhoh Kaii- 
moh CJ1H3HCTOH oSojiohkh KHmeHHHKa xo3iiHHa (KynepMaH, 1988; Dalton et al., 
2004). 3th napa3HTHnecKHe nepBH cnocoSHbi CHHTe3HpOBaTb coScTBemibie 
npoTeojiHTHnecKHe (jiepMeHTbi (Polzer, Conradt, 1994; Yang et al., 2015), ho 
TaiQKe MoryT Hcnojib30BaTb nHmeBapHTejibHbie (jiepMeHTbi xo3iiHHa (Izvekova 
et al, 1997; Dalton et al., 2004). npHKpenjnracb k CTeHKe KHmeHHHKa, nepBH 
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noBpe5KAaiOT onHTejiHH, npoAynHpyiOT h BbifleraiOT TOKcnnecKHe BemecTBa h 
npn BbICOKOH HHTeHCHBHOCTH HHBB3HH 3aKynOpHBaiOT npOCBCT KHineHHHKa. 
KpoMe 3thx noBp e>K achhh cymecTByioT, HecoMHeHHo, MajioH3yneHHbie (J)op- 
Mbi B03AeiiCTBHfl napa3HTa Ha opraHH3M xcmHHa, KOTopbie MoryT HipaTb pojib 
b naToreHe3e necTOA- 

HccjieAOBamni noKa3aTejieii nmijeBapHTejibHbix (jiepMeHTOB KHineHHHKa 
pbl6 n03B0J!HJlH yCTaHOBHTb, HTO napa3HTHHeCKafl HH^eKIJHfl CHH)KaeT aKTHB- 
hoctb KHHieHHbix npoTeHHa3 xo3^HHa (KypoBCKan, 1993; H3BeKOBa, ConoBbeB, 
2012; H3BeKOBa, KyKJiHHa, 2014). 

CHHen; (Bcillerus bcillerus L.) — THnHHHbiii npeACTaBHTeJib neJiarnnecKOH 
03epH0-peHH0H HXTHO(|)ayHbi. OcHOBy mrraHiui B3pocJibix oco6eii chhiia bo 
Bee ce30Hbi rofla cocTaBjmiOT paKoo6pa3Hbie tojiiijh bo abi (300njiaHKT0H), hto 
C03AaeT B03M0)KH0CTb 3apa)KeHHfl napa3HTHHeCKHMH JieHTOHHbIMH HepBflMH 
Proteocephalus torulosus Batsch, 1786, rjw KOTOpbix CHHen, CJiy^CHT OKOHna- 
TejibHbiM xo3hhhom. 3tot napa3HT niHpoKO pacnpocTpaHeH y KapnoBbix pbi6 
riajieapKTHKH (Scholz et al., 1998). ^obojibho noApoSHO H3yneHO pa3BHTHe h 
C03peBaHHe P. torulosus b npoMe)KyTOHHOM h oKOHHaTextbHOM xo3flHHe (Ken¬ 
nedy, Hine, 1969). OAHaKO b AOCTynHOH jiHTepaType HeT AaHHbix o bjihhhhh 
3apa5KeHH^i P. torulosus Ha aKTHBHOCTb nHmeBapHTejibHbix (J)epMeHTOB CHHija 
h CBeACHHH o 6HOXHMHnecKHx acneKTax aAanTan,HH ototo nepBH k cymecTBO- 
BaHmo b arpeccHBHoii cpe^e KHineHHHKa xo3HHHa. 

U,eJib paSoTbi — HccJie^OBaHHe bjihuhhh HHBa3HH P. torulosus Ha arcmB- 
HOCTb nHiqeBapHTejibHbix (J>epMeHTOB KHineHHHKa CHHn,a. 


MATEPHAJI H METOflHKA 

MaTepnaji co6paH b xo Ae OKcneAHijHH no Pbi6nHCKOMy BOAOxpaHHJimuy 
(58°22'30"N; 38°28'04"E) Ha HaynHO-HCCJieAOBaTejibCKOM cyAHe «Aica,zje- 
mhk TonnHeB». Opy^neM noBa cjiy^cnn aohhbih Tpan. B KanecTBe o6beicra 
6HoxHMHnecKoro HccJieAOBaHH^ BbiSpaH CHHen; (n = 13, 7 He3apa^ceHHbix oco- 
6en, 6 — 3apa)*ceHHbix) h Hacejunomne ero KmneHHHK necTOAti P. torulosus , 
HHTeHCHBHOCTb HHBa3HH — 2 — 100 3K3. (25.5 ± 16.1 3K3.). Ilocjie OTJiOBa (ne- 
pe3 30 mhh) pbi6 BCKpbiBajiH h npenapHpOBajin KHineHHHK — Rcnzom npOAOJib- 
Hbiii pa3pe3 khhikh, yAajnuiH xHMyc, H3BJieKajiH nepBeii h cicpe6KOM CHHMajiH 
cJiH3HCTyK> oSoJioHKy. C nejibio yAanemra cjiepMeHTOB xo3HHHa, a^copSnpo- 
BaHHbix Ha noBepxHOCTH necTOA, nepBeii 3 pa3a TmaTejibHO npoMbiBanH b 
10 mji pacTBopa PnHrepa rjik xojioahokpobhbix ^hbothbix, pH 7.5 (6 r NaCl; 
0.14 r KC1; 0.5 mji 10 % CaCl 2 ; 0.54 rNa 2 HP0 4 ; 0.02 r KH 2 P0 4 ; 0.16 r MgS0 4 

B 1 JI AHCTHJIJIHpOBaHHOH BOABl). HepBeil H np06bl CJIH3HCTOH 06 OJIOHKH KH- 

menHHKa pbi6 3aMOpa)KHBajiH a™ AajibHeinnero HCCJieAOBaHira b jiadopaTO- 
pHH. H3 nepBeii h cjih3hctoh o6ojiohkh KHineHHHKa pbi6 totobhjih npenapaTbi: 
rOMOreHH3HpOBajiH c nOMombio CTeKJiHHHbix rOMOreHH3aTOpOB (jrnpMbi Sarto- 
rius AG (Gennany), roMoreHaT nepBeft pa3BOAHJin pacTBopoM PnHrepa b Mac- 
COBO-o6BeMHOM COOTHOIIieHHH 1 i 9, TOMOreHaT CJIH3HCTOH 060JIOHKH pa3BO- 
Ahjih b cooTHomeHHH 1 : 49. ToMoreHaTbi nepBeft h cjih3hctoh o6ojiohkh neH- 
TpH(J)yrHpoBajiH npn 9000 o6/mhh (6500 g) b TeneHne 5 mhh npn 4 °C. J\jik 
onpeACJieHHH npOTeojnrmHecKOH h khthShtophoh aKTHBHOCTeii HCnojib30Ba- 
jih nojiyneHHbie cynepHaTaHTbi. 
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B roMoreHaTe H3 cjih3hctoh o6ojiohkh KHHienHHKa chhua onpeAejnuiH aK¬ 
THBHOCTb numeBapHTejibHbix (^epMeHTOB. Cy mm apHy k> aKTHBHOCTb npoTeHHa3 

(aKTHBHOCTb TpnncHHa KO 3.4.21.4, xHMOTpHncHHa KO 3.4.21.1 h ^Hnen- 
™^a3 KO 3.4.13.18) onpeAejnuiH c Hcnojib30BaHHeM b KanecTBe cy6cTpaTa 
0.3%-Horo pacTBOpa a30Ka3enHa b Tpnc-6y(J)epe, pH 7.5 (Alarcon et al., 2002). 
CyScTpaT h (^epMeHTaTHBHO aKTHBHbiii npenapaT HHKySnpoBajiH 60 mhh npn 
TeMnepaType 20—22 °C. PeaKijHK) ocTaHaBJiHBajin AoSaBJieHHeM 400 mkji 
0.3 M pacTBopa TpnxjiopyKcycHoii khcjiotm (TXY), o6pa30BaBiHHHCfl oca^OK 
H3 Hera^pojiH30BaHHoro 6ejiKa yAajnuiH neHTpu^yrnpoBaroieM npn 9000 o6/mhh 
b TeneHne 5 mhh. 

CneKTp npoTeHHa3 cjih3hctoh o6ojiohkh KHmenroiKa pbi6 onpeAejnuiH c 
nOMOHtbK) HHOlSHTOpHOrO aHaJIH3a C HCnOJIb30BaHHeM CJieAyiOHJ,HX HHTh6hTO- 
pOB b o6neMe 50 mkji: 1) PMSF ((jieHHJi-MeTHJi-cyjib(})OHHJi-(|)JiyopHA) — hhth- 
6htop cepHHOBbix npOTeHHa3, KOHnempaujira 100 mM b DMSO ( ahmcthji cy j ib(})- 
okcha), 2) EDTA (oTHJiCH^HaMHHTeTpayKcycHa^ KHCJioTa) — hhth6htop Me- 
TajuionpoTeHHa3, KOHueHTpaijHn 0.5 M b 1 M NaOH h 3) E-64 — hhth6htop 

ITHCTeHHOBblX (THOJIOBblx) npOTCHHa3, KOHI^eHTpai^HM 1 mM B ^HCTHJIJIHpOBaH- 

hoh BOAe. 

Eakhkabi npoTeHHa3HOH aKTHBHO cth (EA) BbiHHCJnniH no (})opMyjie 

EA = AE 440 X 50 / m CJ3H3 X t HHK , (AE^o Xr ! X mhh- 1 ), 

r^e AE 440 — A (noKa3aHHH cneKTp o^otomctp a npo6bi c cy6cTpaTOM h xojio- 
ctoh npo6bi), 50 — pa3BeAeHne roMoreHaTa, m CJ1H3 — Macca cjih3hctoh 060- 

JIOHKH KHHieHHHKa (r), t HHK - BpeMU HHKySaiJHH (MHH). B XOJIOCTyiO npo6y 

BMecTO (|)epMeHTaTHBHO aKTHBHoro npenapaTa AoSaBjnuiH cooTBeTCTByiOHJiHH 
o6bcm pacTBopa PnHrepa. 

AM HJ ] OJ 1 HI MHCC KyK) aKTHBHOCTb (AA) (OOLHAM aKTHBHOCTb aMHJia3bI, KO 3.2.1.1, 
rjnoKoaMHJia3bi, KO 3.2.1.3 h MajibTa3bi, KO 3.2.1.20) h aKTHBHOCTb caxa- 
pa3bi (KO 3.2.1.48) H3MepiuiH no npnpocTy reKC03 MOAH(J)Hii,HpOBaHHbiM Me- 
toaom HeJibcoHa (YroJieB, He3ynTOBa, 1969). B KanecTBe cyScTpaTOB ncnojib- 
30Bajin 1.8%-Hbiii pacTBop pacTBopHMoro KpaxMana h 100 mM caxapo3bi, 
pH 7.5 COOTBeTCTBeHHO. AKTHBHOCTb (jiepMCHTOB (EA) BbipaJKaJTH B MHKpOMO- 
JIHX rJTK)K03bI, o6pa30BaBHIHXC5I 3a 1 MHH HHKySaiJHH ^epMeHTaTHBHO aKTHB- 
hoto npenapaTa h cy6cTpaTa b pacneTe Ha 1 r BJia^CHOH Maccw TKaHH 
(MKMOJIb/r X mhh). 

npH onpeACJieHHH hhth6htophoh aKTHBHO cth nepBeii hctohhhkom npo- 
TeHHB3 CJiy>KHJIH TOMOreHaT CJIH3HCTOH 060 JIOHKH KHUieHHHKa CHHUia H KOM- 
MepnecKHH npenapaT TpnncHHa (T4799, Sigma) b KOHH,eHTpau,HH 0.01 mt/mji. 
J\ JTii onpeAeJieHHii hhth6htophoh aKTHBHO cth b onbiTHyio cpeAy, coAep^ca- 
LAyio roMoreHaT cjih3hctoh o6ojiohkh KHmenmnca hjih pacTBop TpnncHHa, 
Ao6aBjnuiH OKCTpaKT nepBeii (20 mkji) h HmcyGnpOBajin b TeneHne 15 mhh. Oa- 
HOBpeMeHHO B COOTBeTCTByiOmyiO KOHTpOJIbHyiO npo 6 y A 06 aBJHIJIH aHaJlOTHH- 
Hbiii oSneM 6 y(J)epa. nocjie otoh HHKy 6 au,HH b npo 6 ax onpeA^JHiJiH npOTeo- 
JIHTHHeCKyiO aKTHBHOCTb, KaK OnHCaHO Bbime. KpOMe Toro, J\Jin CpaBHCHHH 
ypoBHeii hhth6htophoh aKTHBHO cth npenapaTOB P. tonilosus onpeAejnuiH hh- 
rnSHTopHyio aKTHBHOCTb PMSF b roMoreHaTe cjih3hctoh o6ojiohkh KHineHHH- 
Ka CHHH,a h pacTBope TpnncHHa. 

Bee 6noxHMHHecKHe onpeAejieHHn npoBOAHJin b Tpex noBTopHOCTux. 
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HHTeHCHBHOCTb pa3BHBaiomerocfl OKpaniHBarniH, nponopujiOHajibHoro aK¬ 
THBHOCTH 4)epMeHTOB, H3MepjuiH Ha cneKTpo(|)OTOMeTpe Lambda 25 (Perkin 
Elmer) npn 440 hm a™ npoTeHHa3 h 560 hm a™ aMHJia3 h caxapa3bi. 

Pe3yjibTaTbi npeACTaBJieHbi b bhac cpeAHHx h hx CTaH^apTHbix oihh6ok. 
06pa6oTKa pe3yjibTaTOB BbinojiHeHa c noMombK) CTaTHCTHnecKHx naKeTOB 
Microsoft Excel h Statistica. 


PE3YJIbTATbI HCCJIE^OBAHHH 

B xo,ae HCCJieAOBaHH^ ycTaHOBJieHO BJimiHHe HHBa3HH i^ecTO^bi P. torulosus 
Ha aKTHBHOCTb nHmeBapHTejibHbix (jiepMeHTOB cmma. Akthbhoctb aMHJia3 y 
3apa^ceHHbix pbi6 6bina HecKOJibKO Bbime aHanorHHHbix 3HaneHHH y He3apa- 
^ceHHbix pbi6 (p < 0 . 1 ), OAHaKO ypoBeHb aKTHBHOCTH caxapa3bi np bkthh e ckh He 
3aBHceji ot 3apa^ceHHM ijecTOAaMH (pnc. 1 ). AMHJiojiHTHHecKaji aKTHBHOCTb y 
hhb a3Hp ob aHHbix oco6eii yBejiHHHBajiacb Ha 48 %. B to )*ce Bpeivw b roMoreHa- 
Te cjih 3 hctoh o 6 ojiohkh KHmeHHHKa pbi6, 3apa)*ceHHbix P. torulosus , Ha6jiiOAa- 
JlOCb HeSoJIbHIOe CHH)KeHHe KaK o6meit npOTeOJIHTHHeCKOH aKTHBHOCTH, TaK H 
aKTHBHOCTH OTACJIbHblX nOAKJIdCCOB npOTeHHa3 no CpaBHeHHK) C He3apa)KeH- 
hbimh oco 6 amh (p < 0 . 1 ; pnc. 2 ). B rOMOreHaTe cjih 3 hctoh o 6 ojiohkh KHinen- 
HHKa 3apa^ceHHbix pbi6 o6maa npoTeojiHTHHecKaa aKTHB hoctb cmnKajiacb Ha 

39 %. 

Ha ocHOBe nojiyneHHbix a^hhbix o bjihahhh hhth 6 htopob Ha aKTHBHOCTb 
npOTeHHa3 BbIHHCJieHbl AOJIH pa3JIHHHbIX nOAKJiaCCOB npOTeHHa3, (]iyHKIIflOHH- 
pyiOLAHx b KHmenHHKax He3apa)KeHHbix h 3apa)KeHHbix chhh,ob (pnc. 3 ). Oc- 
HOBHyio aojho cocTaBJi^HOT cepHHOBbie npOTeHHa3bi (59 h 49 % y He3apa)KeH- 
hmx h 3apa^ceHHbix pbi6 cootbctctbchho). Otmchcho bjihahhc 3apa)KeHmi 
AecTOA^MH Ha cneKTp npoTeHHa3 b KHHienHHKe xo3JiHHa. Y 3apa)KeHHbix pbi6 
Ha6jiK>Aajiocb CHH^ceHne OTHOCHTenbHoro coAep^caHH^ cepHHOBbix npoTeHHa3 


PA 



Phc. 1. Akthbhoctb aMHna3 (I) h caxapa3Bi (II) b cjih3hctoh odonomce KHiueuHHKa CHHqa b 3aBHCH- 
mocth ot 3apa)KeHHfl qecTO,qaMH P. torulosus. 

1 — He3apa)KeHHbie oco6h, 2 — 3apa^ceHHtie oco6h. 

Fig. 1. Amylase (I) and sucrase (II) activities in the intestinal mucosa of the zope in dependence of 

infection with cestodes P. torulosus. 
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Phc. 2. BjiMHHe 3apaxceHHfl qecToqaMH P. torulosus Ha npoTeonHTHuecKyio aKTHBHOCTB 
(AE 440 X r -1 X mhh" 1 ) h cneKTp npoTeHHa3 cjih3hctoh o6ojiohkh KHineHHHKa CHHqa. 

PMSF — cepHHOBtie npoTeHHa3BL, EDTA — MeTajiJionpoTeima3Bi, E-64 — qHCTeHHOBBie npOTeHHa3Bi. 1 — He- 
3apa^ceHHBie oco6h, 2 — 3apa^ceHHBie oco6h. 

Fig. 2. The effect of P. torulosus infection on the proteolytic activity (AE 440 X g -1 X min -1 ) and pro¬ 
teinase profile in the intestinal mucosa of the zope. 


EA 



Phc. 3. /Jojhi pa3JiHHHBix noqKJiaccoB npoTeHHa3 b cjih3hctoh odonomce KHineuHHKa He3apaxceH- 
hbix (7) h 3apa^ceHHbix (2) qecToqaMH P. torulosus CHHqoB, %. 

I — cepHHOBBie npoTenHa3Bi, II — MeTajnionpoTeHHa3Bi, III — qHCTeHHOBBie npoTeHHa3Bi. 

Fig. 3. Relative activity of various subclasses of proteinases in the intestinal mucosa of an uninfected 
zope (7) and zope infected (2) with P. torulosus, %. 
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Phc. 4. BnHJiHHe PMSF h 3KCTpaKTa uepBeii Ha aKTHBHOCTH TpnncHHa (A) h aKTHBHOCTt npoTeHHa3 
CJIH3HCTOH 060JIOHKH KHHieHHHKa CHHqa (B). 

Fig. 4. The influence of PMSF and P. torulosus extract on the activity of commercial trypsin samples 
(0.01 mg/ml) (A) and proteinase activity in the intestinal mucosa of the zope (E). 


h MeTajuionpoTeHHa3, npn otom cneAyeT otmcthtb, hto nHrn6nTOpHbiii aHanH3 
He bbdibhji HajiHHHJi b KHnieHHHKax 3apa)KeHHbix oco6eii MeTajuionpoTeHHa3, a 
AOJ 151 ifHCTeHHOBbix npoTeHHa3 He3HawreJibH0 yBeJiHHHBajiacb y pbi6, HHBa3H- 
poBaHHbix P. torulosus. 

B xo ac HCCJieAOBamDi choco6hocth nepBfl P. torulosus HHaKTHBHpOBaTb 
npOTeojiHTHHecKHe 4>epMeHTbi cjih3hctoh o6ojiohkh KHHieHHHKa CHHti;a h kom- 
MepnecKHH npenapaT TpHncHHa BbDiBJieHO, hto OKCTpaKT nepBfl a ocTOBepHO 
(p < 0.05) CHH^caeT aKTHBHOCTb npoTeHHa3 b roMoreHaTe cjih3hctoh o6ojiohkh 
KHineHHHKa xcmmia — cHHija h aKTHBHOCTb KOMMepnecKoro npenapaTa Tpnn- 
CHHa b KOHijempaijHH 0.01 mt/mji (pnc. 4). CpaBHeHHe hhth6htophoh arcmB- 
HOCTH 3 KCTpaKTa P. toruloSUS C aHaJIOrHHHOH aKTHBHOCTbK) CHHTeTHHeCKOrO 
HHrn 6 HTOpa PMSF noKa 3 biBaeT, hto SojibniHH HHTHSHTopHbiH o^njieKT KaK Ha 
aKTHBHOCTb npOTeHHa3 CJIH3HCTOH 06 OJIOHKH KHHieHHHKa CHHIja, TaK H Ha aK¬ 
THBHOCTb TpnncHHa OKa 3 biBaeT PMSF, noHH^ca^ ee b 3 h 16 pa3 cooTBeTCT- 
BeHHO. O^HaKO cjieAycT otmcthtb, hto 3KCTpaKT nepBM b SojibHieii CTeneHH 
HHrHSnpyeT aKTHBHOCTb npOTeHHa3 CJIH3HCTOH 06 OJIOHKH KHHieHHHKa xo- 
3flHHa, HeM aKTHBHOCTb TpHnCHHa. 
fl,OJIH HHmSHpOBaHHfl npoTeoJin- 
THHeCKOH BKTHBHOCTH TpHnCHHa 
H CJIH3HCTOH 06 OJIOHKH COCTaBJIH- 
K)T 32 H 51 % COOTBeTCTBeHHO 
(pnc. 5). Tor^a KaK PMSF chjib- 


Phc. 5. Jlona HHmGHpoBaHiia aKTHBHOCTH 
TpnncHHa (7 ) h aKTHBHOCTH npoTeHHa3 
CJIH3HCTOH KHmeHHHKa CHHqa (2) PMSF H 
OKCTpaKTOM uepBeii. 

Fig. 5. Fraction of inhibition of trypsin ac¬ 
tivity (7) and proteinase activity in the in¬ 
testinal mucosa of the zope (2) by PMSF 
and worm extract. 
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Hee HHra6npyeT aKTHBHOCTb TpnnCHHa, neM cjih3hctoh o6ojiohkh KHiueHHH- 
Ka. OJIH HHrn6npOBaHH^ npH 3TOM COCTaBJHIIOT 94 H 69 % COOTBeTCTBeHHO 

(p < 0.05). 


OBCY^KflEHHE PE3YJIbTATOB 

Akthbhoctb mimeBapHTejibHbix (jiepMeHTOB 3BBHCHT ot mhothx 6noTnne- 
CKHX H aSHOTHHeCKHX (jmKTOpOB, OflHHM H3 KOTOpbIX HBJIHeTCfl HHBa3Hfl U,eCTO- 

^aMH (Matskasi, 1984; KypoBCKan, 1993; PfeBeKOBa, ConoBbeB, 2012). B opra- 
HH3Me OKOHHaTeJTbHOrO X03HHHa IjeCTO/jaM HeoSxOAHMO He TOJIbKO npoTH- 
BOCTOHTb fleHCTBHK) nHIH,eBapHTeJIbHbIX (J)epMeHTOB X03HHHa, HO H aKTHBHO 
nHTaTbCii jsjin AOCTHKemni nojiOBoii 3pejiocTH. IJecTOAbi b xo^e obojhoiihh 
yTpaTHJiH coOcTBeHHyio nHLqeBapHTejibHyio CHCTeMy, b cbh3h c 3thm thapojih3 
h TpaHcnopT HyTpHeHTOB npoHexoAHT Ha noBepxHOCTH TeryMeHTa, CTpoeHHe 
KOTOporo aHajiorHHHO CTpoeHHio meTOHHOH KaiiMbi KHineHHHKa xo3flmra (Ky- 
nepMaH, 1988). /J,jm pacmenjieHHH nHTaTeJibHbix BenjecTB ijecTOAbi HcnoJib3y- 
k)t KaK coScTBeHHbie (j)epMeHTbi, TaK h nHHj;eBapHTejibHbie (J)epMeHTbi xo3HHHa, 
aACop6npy5i hx Ha noBepxHOCTH TeryMeHTa (Dalton et al., 2004), hto HBjnieTc;i 
OAHOH H3 npHHHH CHH)KeroDI HX aKTHBHOCTH B KHHieHHHKe 3apa)KeHHbIX pbl6 

(H3BeKOBa, ConoBbeB, 2012). PhMeHeHHe aKTHBHOCTH nnmeBapHTejibHbix (f)ep- 

MeHTOB n03BOHOHHbIX )KHBOTHbIX npH reJIbMHHT03ax HeOAHOKpaTHO OTMena- 

jiocb npH npoBeACHHH HCCJieAOBaHHH Ha pbi6ax h nraiiax (Matskasi, 1984; 
Dalton et al., 2004; KyKJiHHa, KyKJiHH, 2012). TaK, ycTaHOBJieHO, hto y 3apa- 
^ceHHbix u,ecTOABMH Bothriocephalus acheilognathi Yamaguti, 1934 KapnoB 
(Cyprinus carpio L.) b KHHieHHHKe cronicaeTCfl aKTHBHOCTb KaK npOTeojiHTHne- 
CKHX, TaK H aMHJlOJIHTHHeCKHX (J)epMeHTOB Ha 35-50 H 47-63 % COOTBeTCT¬ 

BeHHO (KypoBCKaa, 1991). B KHHieHHHKe Jiema ( Abramis brama L.) h HajiHMa 
(Lota lota L.) TaK^ce OTMeneHO CHH^ceHHe npOTeojiHTHHecKoir aKTHBHOCTH npn 
HHBa3HH n;ecTonaMH Caryophyllaeus laticeps Pallas, 1781 h Eubothrium rugo- 
sum Batch, 1786 COOTBeTCTBeHHO. Tlpn otom aKTHBHO ctb nHin,eBapHTejibHbix 
(J)epMeHTOB xo35iHHa croracaeTCii RzyKe npn hh3koh HHBa3HH (H3BeKOBa, Co- 
jiOBbeB, 2012; H3BeKOBa, 2013). 

^aHHbie, nojiyneHHbie npn HCCJieAOBaHHH bjihhhhh renbMHHTHOH HHBa3HH 
Ha nHmeBapHTejibHyio aKTHBHO ctb y nTHii,, nOATBep^aiOT CHH^ceHHe npOTeo- 
jiHTHHecKoii aKTHBHOCTH b KHHieHHHKe MoeBOK (Rissa tridactyla L.) npn 3apa- 
^ceHHH necTonaMH Tetrabothrius cylindraceus Rudolphi, 1819 h 71 immerinus 
Abildgaard, 1790 Ha 31—39 % h cHH^ceHHe aKTHBHOCTH TJiHK03H^a3 b KHHieH¬ 
HHKe tojictokjhdboh ( Uria lomvia L.) h tohkokjhoboh ( U\ aalge Pontoppidan) 
Kaiip npn 3apa)KeHHH uec i onaMH Tetrabothrius jaegerskioeldi Nybelin, 1916 h 
Alcataenia armillaris Rudolphi, 1810Ha35n57% COOTBeTCTBeHHO (KyKJiHHa 
h AP-, 2009; KyKJiHHa, KyKJiHH, 2012). 

YBeJIHHeHHe aMHHOJIHTHHeCKOH aKTHBHOCTH, OTMeHeHHOe y CHHIja npH 3a- 
pa^ceHHH Proteocephalus torulosus , no Been bh/jhmocth, hbjihctch 3am,HTHOH 
peaKipieii opraHH3Ma xo3HHHa Ha reJibMHHTHyio HHBa3Hio. noBbimeroie aKTHB¬ 
HOCTH rjiHK03HAa3 OTMeneHO TaK^ce y Kapna npn 3apa>KeHHH ijecTOAOH Bothri¬ 
ocephalus gowkongensis Yea, 1955 (KypoBCKan, 1991). HeKOTopbie aBTopbi 
CHHTaiOT, HTO IIpH 3apa)KeHHH IieCTOA^MH npOHCXOAHT KOMneHCailHH HeraTHB- 
Horo B03ACHCTBHH napa3HTOB yBeJIHHeHHeM nHHieBOH aKTHBHOCTH X03HHHa 

(Bosi et al., 2005), hto, b cboio onepeAt, motkqt Sbitb npHHHHOH noBbimeHHH 
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aKTHBHOCTH IIHLUCBapHieJIbHblX (JiepMeHTOB H, B HaCTHOCTH, TJIHK03HAa3. KpOMe 
Toro, noKa3aHO, hto npn 3apa)KeHHH pa3JiHHHbiMH BH^aMH rejibMHHTOB, b tom 
HHCJie u;ecTOAaMH, b khhi eHHHKe pbi6 yBejiHHHBaeTcn kojihhcctbo cjiH3HCTbix KJie- 
tok, npoAymHpyion^Hx MyijHH (Bosi et ah, 2017). B cboto onepe^b MyiiHH xa- 
paKTepH3yeTC^ bbicokhm coACp)KaHHeM yraeBOAOB (Ky3bMHHa, 1995), hto TaK- 
^ce MO^ceT BJiHHTb Ha noKa3aTejiH aKTHBHOCTH rjiHK03HAa3 y 3apa)KeHHbix pbi6. 

B jiHTepaType hmciotch cooSmemni o tom, hto oahoh h3 npHHHH chh^cchhh 
aKTHBHOCTH nHLU,eBapHTeJIbHbIX (J)epMeHTOB M02KCT 6bITb BJIHHHHe 3apa)KeHHH 
qecTOAaMH Ha ypoBeHb peryjraTopHoro nenra^a 6oM6e3HHa. YcTaHOBJieHO, 
hto 3apa)KeHHe Eubothrium crassum Bloch, 1779 pa^ymroii (jiopejiH ( Oncor- 
hynchus mykiss , Walbaum) h Cyathocephalus truncatus Pallas, 1781 KyM>KH 
(Salmo trutta L.) Bbi3biBaeT 3HanHTejibHoe CHHEcemie KOJinnecTBa 6oM6e3HHa 
(Dezfuli et al., 2003; Bosi et al., 2005). BoM6e3HH b )KejiyAOHHO-KHmeHHOM 

TpaKTe CTHMyjiHpyeT CHHTe3 h BbiAejieHHe racTpHHa, ycHJiHBaeT BbiAejieHHe 
(J)epMeHTOB no^eJiy^oHHOH )Kejie30H, Bbi3biBaeT nyBCTBo nHmeBoro Hacbime- 
hhh h CHH>KaeT aKTHBHocTb nHmeBoro noBe^eHHH (Bajia6oJiKHH, 1998). CjieAy- 
eT oTMeTHTb, hto OojibiHHHCTBo npoTeHHa3 h rjiHK03H^a3 HMeioT namcpeaTHHe- 
CKoe npoHCxo^KACHHe. 

HaMH ycTaHOBJieHO, hto npOTenHa3bi cmma 6ojiee nyBCTBHTejibHbi k 3apa- 
)Ke hhk> i^ecTO^aMH, HeM rjiHK03H^a3bi . 3to corjiacyeTcn c paHee nojiyneHHbi- 

MH CBe^CHHHMH O BJIHHHHH 3apa)KeHHfl H,eCTOAaMH Ha aKTHBHOCTb mimeBapH- 
TejibHbix 4>epMeHTOB b KHmeHHHKe Jiem,a h HajiHMa (H3BeKOBa, CojiOBbeB, 
2012). ABTOpaMH SblJIH BbIHHCJieHbl K03(J)(^HI^HeHTbI A/H (OTHOHieHHe aKTHB¬ 
HOCTH aMHJia3bI K aKTHBHOCTH npOTea3) Jiema hT/II (OTHOHieHHe aKTHBHO¬ 
CTH TJIHK03Hfla3 K aKTHBHOCTH npOTeHHa3) A™ HaJIHMa. 3 tH K03(|)(|)HLi;HeHTbI y 
3apa^ceHHbix pbi 6 no cpaBHeHHio c He3apa^ceHHbiMH Bbirne, hto CBHAeTejibCT- 
ByeT 06 H3MeHeHHH cooTHomeHHH ypOBHeii aKTHBHOCTH (jiepMeHTOB y 3apa- 
)KeHHbIX pbl 6 B CTOpOHy nOHH^CeHHH AOJIH npOTeHHa3. 

Eme OAHOH npHHHHOH CHH^CeHH^ HpOTeOJTHTHHeCKOH aKTHBHOCTH y 3apa- 
^CeHHblX X035ieB MO^CeT 6bITb HaCTHHHOe HHTHSHpOBaHHe npOTeHHa3 Ha no- 
BepxHOcra u,ecTOA- HapaBHe c ceKpeijneH Myu,HHa, CTpyKTypoii dejiKOBbix MOJie- 
Kyjl nOKpOBHbIX TKaHeil, CneiI,H(j)HHHOCTbIO AeHCTBHfl (])epMeHTOB H HaJIHHHeM 
KyTHKyJIbl, yCTOHHHBOH K ACHCTBHK) npOTCOJIHTHHeCKHX (j)epMCHTOB, CeKpeU,HM 
hhth6htopob npoTeHHa3 bxoaht b pjiA aAanTauHH rejibMHHTOB k cymecTBOBa- 
hhk) b arpeccHBHOH cpeAe KHineHHHKa xo3hhhb (Pappas, Uglem, 1990). B xoAe 
3KcnepHMeHTOB in vitro c Hymenolepis diminuta Rudolphi, 1819 noKa3aHa 
HHaKTHBailHil HeSoJIbHIOTO KOJTHHeCTBa TpHHCHHa H XHMOTpHHCHHa npH Ao6aB- 
JieHHH 3KCTpaKTa H,eCTOA- OTHOCHTeJIbHan HHTHOHTOpHaH aKTHBHOCTb CHH5Ka- 
jiacb npH yBejiHneHHH KOJinnecTBa ^epMeHTa. B onbiTax in vivo c echbhmh ijec- 

TOAaMH aBTOpbl He HaSjIIOAaJIH HH aKTHB aiI,HH (jiepMeHTOB, B CBH3H C HeM GbIJIO 
CAenaHo npeAnoJioJKeHHe, hto KHmSHpoBaHHe nponcxoAHT b HenocpeA ctb eH- 
hoh 6jih30Cth c TeryMeHTOM nepBH (Pappas, Uglem, 1990). 

B JiHTepaType HMeeTcn p^A cooGmemm 06 hh aKTHBaii|HH npoTeHHa3 okct- 
paKTaMH n;ecTOA — napa3HTOB pbi6 h ceKpeijHH hhthShtopob nocJieAHHMH. 
OnbiTbi in vitro npoBOAHJincb Ha Ligula intestinalis L., 1758 (Matskasi, 1980), 
Bothriocephalus acheilognathi (Matskasi, 1984) h Triaenophorus nodulosus 
Pallas, 1781 (Izvekova et al., 2017). C Proteocephalus torulosus noAoSHbie 
onbiTbi paHee He npoBOAHJincb. HaMH ycTaHOBJieHO, hto 3KCTpaKT P. torulosus 
HHTH6HpOBaJT aKTHBHOCTb npOTeHHa3 CJIH3HCTOH KHmeHHHKa X035IHHa - CHH- 


299 


t^a h KOMMepnecKnii npenapaT TpmiCHHa b onbiTax in vitro . 3to noATBep^aeT 
BbicKa3aHHoe Bbirne npeAnojio)KeHHe o tom, hto napa3HTHHecKHe nnocKHe nep- 
BH B KHHieHHHKe X03HHHa TaiQECe CHH5KaK)T aKTHBHOCTb npOTCOJIHTHHeCKHX 
(J)epMeHTOB Gjiaro^apfl npozjytoip ob amno h ceKpeu^iH cneu3«|)HHecKHx hhth- 
6hTOPOB. IlpH 3TOM 60Jiee 3(|)4)eKTHBHOe HHTn6npOBaHHe 3KCTpaKTOM P. tOTU- 
losus npOTeOJIHTHHeCKOH aKTHBHOCTH CJIH3HCTOH 06OJIOHKH KHineHHHKa CHHU,a 
no cpaBHeHHio c KOMMepnecKHM npenapaTOM TpnncnHa CB^naHO, no Been bh- 
^hmocth, BO-nepBbix, c 6ojiee bbicokhm cpoactbom nHrn6nTOpa nepBfl c (J)ep- 
MeHTaMH KnmenHHKa xo3HHHa, n, BO-BTopbix, c TeM, hto u;ecTO^OH, oneBH^HO, 
ceicpeTHpyeTCfl n Bbi^ejnieTCfl 6ojiee neM ojsjm hhth6htop. ripn otom H3BecT- 
ho, hto npoTeojinranecKa^ aKTnBHOCTb cjih3hctoh o6ojiohkh KHineHHHKa 
onpeflejmeTCH He TOJibKO aKTHBHOCTbio TpnncnHa, ho n xnMOTpnncnHa n pa3- 
jiHHHbix ^nnenTHAa3 (Ky3bMHHa, 1994). 

npncyrcTBHe ijecTOA b KHHieHHHKe xo3HHHa, noMHMO nponero, MO^ceT bm- 
3biBaTb cepbe3Hbie noBpe>K,neHHH onnTejina npnKpennTejibHbiMn annapaTaMH 
(Shostak, Dick, 1986) c BbicBoSo^eroieM BHyrpHKJieTOHHbix, b tom nncjie n 
jiH30C0MajibHbix (})epMeHTOB (KaTencnHOB) b npocBeT KnmeHHHKa (H3BeKOBa, 
KyKJinHa, 2014). OiMeneHO, hto napa3HTnpoBaHne JieHTOHHbix HepBeii^/cata- 
enia larina Krabbe, 1869 npHBOAHT k aobojibho 3HaHHTejibHOMy yBejiHneHHio 

aKTHBHOCTH IIpOTeOJIHTHHeCKHX (JiepMeHTOB B CJIH3HCTOH 060Jl0HKe KHHieHHH- 

Ka X03HeB -MOeBOK, 0C06eHH0 npH BblCOKOH HHTeHCHBHOCTH HHBa3HH (KyK- 

jiHHa, KyKJiHH, 2011). KpoMe toto, ycTaHOBJieHa cBH3b Me^c^y CTpoeroieM npn- 
KpenHTejibHbix o6pa30BaHHH u,ecTOA h bjihhhhcm napa3HTOB Ha aKTHBHOCTb 
nHmeBapHTejibHbix (^epMenroB xo3neB. Y ^chbothbix, 3apa)KeHHbix u,ecTO^aMH 
6e3 npHKpenHTejibHbix o6pa30BaHHH hjih c npHcacbiBaTejibHbiMH annapaTaMH, 
no cpaBHeHHK) c h e3apa>KeHHbiMH oco6hmh, CHHKaeTCH aKTHBHOCTb npOTen- 
Ha3, H yBeJIHHHBaeTCH KOOfJX^HIJHeHT r/n. IIapa3HTHpOBaHHe H,eCTOA C 3aHKO- 
pHBaiom;HMH npHKpenHTeJibHbiMH o6pa30BaroniMH, HanpoTHB, Bbi3biBaeT yBe- 
JIHHeHHe aKTHBHOCTH IIpOTeOJIHTHHeCKHX (J)epMCHTOB X03HeB H yMCHbmeHHe 

K03(J)4)Hi^HeHTa r/n (H3BeKOBa, KyKJiHHa, 2014). I^ecTo^a Proteocephalus to- 
rulosus oGjia^aeT HerapbMH MOnjHbiMH npHCOCKaMH, npH otom ckojickc, meii- 
Ka h nacTb ctpo6hjibi noKpbiTbi mcjikhmh mnnHKaMH (Scholz et al., 1998). 

C 3THMH MOp^OJIOTHHeCKHMH OCOSeHHOCTHMH, nO BCeH BH^HMOCTH, H CBH3aHO 
HeSoJibmoe yBeJinneHne aojih nncTeHHOBbix npoTeHHa3, BbiHBJiemioe hhth6h- 
TOpHblM aHaJIH30M. 


3AKJIIOHEHHE 

TaKHM o6pa30M, b pe3yjibTaTe npoBeAeHHbix HCCJie^OBaHHH ycTaHOBJieHO 
cmDKeHHe aKTHBHOCTH npOTeojiHTHHecKHx (^epMeHTOB h H3MeHeHHe cneKTpa 
npOTenHa3 b KnmeHHHKe CHHija npn 3apa^ceHHH ijecTOAOH P. torulosus. Chh- 
^CeHHe npOTeOJIHTHHeCKOH aKTHBHOCTH y 3apa^CeHHbIX pbl6 npOHCXOAHT BCJieA- 
CTBne yMeHbmeHHH aojih cepnHOBbix h MeTajuionpoTeHHa3. 3 th HmeHeHHH 
Moryr 6biTb cBH3aHbi c a^copSipieH ^epMeHTOB Ha nmijeBapHTeJibHo-TpaHc- 
nopTHoii noBepxHocTH i^ecTOA h hx HHraSHpoBaHHeM. KpoMe toto, ycTaHOB- 
JieHO, HTO HHBa3HH CHHIja IjeCTOAOH P. tomloSUS T3K7KQ CymeCTBeHHO BJIHfleT 
Ha aKTHBHOCTb aMHJlOJIHTHHeCKHX (jiepMeHTOB. OTMeneHO nOBbimeHHe aKTHB¬ 
HOCTH aMHJia3, HTO MO)KHO 06 bflCHHTb 3aiH,HTHOH peaKlJHeil OpraHH3Ma X03HH- 
Ha Ha npncyTCTBne napa3HTa. 
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BbiflBJieHa cnocoSHOCTb 3KCTpaKTa ijecTOAbi P. tornlosus HHrH 6 iipoBaTb aK- 
THBHOCTb ITpOTeHHa3 CJIH3HCTOH 06 OJIOHKH KmneHHHKa CHHIHa H KOMMepHCCKO- 
ro npenapaTa TpuncHHa. Eojibiiihh nHrn 6 nTOpHbiii 3^^eKT Ha 6 jiio^ajiCH b 
O nbITe CO CJIH3HCTOH 06 OJIOHKOH KHineHHHKa CHHIHa. 3 t 0 MO)KeT 6 bITb CBH3aHO 
KaK c 6ojiee bbicokhm cpoactbom nHrn6nTOpa nepBJi c 4>epMeHTaMn khuichhh- 
Ka xo3flHHa, TaK h c npoAyi^HpoBaHHeM ijecTOAoit cmcch nHrn 6 nTopoB. 
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SUMMARY 

The activity of digestive enzymes (proteinases and glycosidases) in the intestinal muco¬ 
sa of the zope ( Ballerus ballerus L.) was determined. As a result of cestode infection with 
Proteocephalus torulosus Batsch, 1786, proteinase activity in the zope intestinal mucosa 
decreased, glycosidase activity increased, and sucrase activity remained unchanged. A dec¬ 
rease in proteolytic activity was due mainly to the decline of proportions of serine protein¬ 
ases and metalloproteinases. The extract of P. torulosus inhibited the proteolytic activity of 
the host intestinal mucosa and commercial trypsin samples in vitro. 
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